Aims: There are many consequences of binge drinking compared with light or moderate drinking behaviors. The prevalence rate and intensity of binge drinking is highest among the college-aged population. Given the popularity and high use of the Internet among college students, a novel approach for programming is through Internet-based interventions. The purpose of this study was to conduct a systematic review of Internet-based interventions targeting binge drinking among the college population. Methods: Eligibility criteria included peer-reviewed articles evaluating Internet-based interventions for binge drinking prevention among college students published between 2000 and 2014. Only English language articles were included. Review articles and articles only explaining intervention pedagogies were not included. After a systematic screening process, a total of 14 articles were included for the final review. Each article was read thoroughly in order to extract the following variables: study design and sample size, average age of participants, underpinning theoretical framework, and intervention description and duration. This review also synthesized a methodological assessment with variables such as outcome measures, sample size justification, number of measurements and use of process evaluations. Results: All studies but one reported a significant reduction in the frequency and quantity of alcohol consumption and problems related with heavy drinking. Furthermore, Internet-based interventions appeared to be more effective than traditional print-based interventions; however, face-to-face interventions were typically more effective. Conclusions: This review supports using the Internet as a brief intervention approach that can effectively support efforts to reduce binge drinking among college students.
INTRODUCTION
Alcohol use is a common behavior across many cultures. Reasons for alcohol consumption include relaxation, socializing, rituals and celebrations. Studies suggest that moderate drinking can lead to health benefits. For instance, moderate consumption of wine is associated with a significant decrease in cardiovascular mortality, possibly because moderate consumption of ethanol results in improved lipoprotein metabolism (German and Walzem, 2000) . However, health benefits associated with moderate drinking likely are negated when individuals participate in heavy drinking, which creates new health risks. The National Institute on Alcohol Abuse and Alcoholism (NIAAA) defined the maximum number of drinks per day that should be consumed to avoid harmful consequences as four for males and three for females. The NIAAA defines binge drinking as a pattern of drinking that could lead to a person's blood alcohol concentration (BAC) level reaching 0.08 g/dl or above. Generally, this occurs if men consume five or more drinks or women consume four or more drinks within 2 h (NIAAA, 2004) . The prevalence of binge drinking (28.2%) and number of drinks per day (9.3 drinks) are both highest among the young adult population aged 18-24 years (CDC, 2012) .
Also, approximately 90% of alcohol consumed in the United States by youth under the legal limit to purchase alcohol (21 years) is consumed during binge drinking (U.S. Department of Justice, Office of Juvenile Justice and Delinquency Prevention, 2005) . College students report a significantly higher level of binge drinking than their same age peers who do not attend college, which suggests that the high rates of binge drinking in this group is not related solely to age (Hingson et al., 2009) .
Past studies have reported various health problems related to binge drinking among the college population. The Centers for Disease Control and Prevention (CDC) suggests binge drinking is associated with high blood pressure, cardiovascular diseases, stroke, liver disease, neurological damage, poor control of diabetes and other chronic diseases (US Department of Health and Human Services, 2000) . Other health-related consequences of binge drinking include unintentional injuries (e.g. road accident), intentional injuries (e.g. violence), alcohol poisoning, sexually transmitted diseases, unintended pregnancy and sexual dysfunction (CDC, 2014) . Each year 1825 deaths of college students aged 18-24 are attributed to alcohol-related unintentional injuries (Hingson et al., 2009) . Similarly, 97,000 college students report alcohol-related sexual assault or date rape annually (Hingson et al., 2009) . More than 25% of college students experience academic consequences due to drinking, including missing class, doing poorly on exams and assignments, and receiving lower grades (Wechsler et al., 1998) . These consequences are significantly higher with binge drinking when compared to moderate drinking. For example, the chance of alcohol impairment for driving is 14 times more likely among binge drinkers compared to non-binge drinkers (Naimi et al., 2003) .
Universities and other stakeholders are taking necessary steps to reduce binge drinking among their student bodies. For example, many universities implement strong anti-alcohol policies, give in-class lectures to educate students on the consequences of alcohol, provide peer education and counseling, discourage underage drinking by means of 3 strikes policies, and distribute of alcohol-related information to students through various mediums such as mail, posters and email. In addition, many universities have adapted web-based interventions to address binge-drinking problems among college students (Nelson et al., 2010) . Internet-based interventions are an emerging area for public health and health promotion. Since the 2000s, Internetbased interventions have increased in use, and have been implemented in various educational target areas such as diabetes prevention (McKay et al., 2001) , nutrition education (Oenema et al., 2001) , and heavy drinking (Cunningham et al., 2000) .
Internet-based interventions have the potential to provide additional benefits over the traditional methods of delivery of health promotion interventions. They are able to reach large populations in a cost effective manner (Walters et al., 2005) , are convenient in delivering automated and tailored messages with less maintenance, can be more efficient in maintaining anonymity and privacy, and can provide participants with flexibility in terms of location and time of participation (Fotheringham et al., 2000) . Also, emerging technologies have made it possible to incorporate interactive components to better facilitate individualized needs for intervention.
Currently, the population with the highest access to the Internet in the USA is the young adult and college students. According to the PEW Research center (PEW, 2014) , 97% of college students have access to the Internet. Considering the benefits of Internet-based interventions and the wide access to the Internet among students, colleges have adopted and attempted various Internet-based interventions to reduce binge drinking behavior and overall alcohol consumption. However, little research has been done to review these efforts, and to date, there are a few systematic reviews that summarize the benefits, difficulties, and limitations of implementing Internet-based interventions to reduce binge drinking among college students (Bewick et al., 2008; White et al., 2010; Khadjesari et al., 2011) . To illustrate this paper's contribution, it is important to note how this review is situated within existing review studies. Past reviews have analyzed Internet-based interventions for alcohol using behavior in more 'general' terms rather than binge drinking specifically (Bewick et al., 2008; Khadjesari et al., 2011) . Other reviews also have suggested that Internet-based intervention is an effective approach, however they failed to assess the effectiveness of Internet-based interventions in a systematic manner (Kypri et al., 2005; White, 2006) . Given the growth of Internet-based interventions for preventing binge drinking among college students, it is timely that a systematic review focusing on this issue should be carried out.
The purpose of this study was to analyze available evidence by utilizing established systematic review techniques to provide systematic appraisal of the Internet-based interventions aimed at reducing binge drinking among the college population.
METHODS

Literature search and selection of studies
This review followed the guidelines of the PRISMA ( preferred reporting items for systematic reviews and meta-analyses) statement. The PRISMA guidelines provide a framework and step-wise process for best-methods when writing a systematic review and/or meta-analysis (Moher et al., 2010) . Relevant articles were identified through electronic searches in six databases including: CINAHL Plus with full text, Communication and Mass Media Complete, ERIC, Health source: Nursing/Academic Edition, Medline, and PsyArticles. Four sets of keywords were employed using a Boolean search strategy in all of the aforementioned databases, including the combination of key words or phrases: binge drinking, Internet, college students, and intervention, with several variations such as binge drinking or heavy drinking, Internet or Internet-based, or web or web-based.
Inclusion criteria included English language peer-reviewed articles published from 2000 to 2014. Only articles published after 2000 were included because the Internet offered limited features before 2000. Also, interventions with college students primarily targeting binge drinking were only considered for the review. Articles that used Internet-based activities alone, or as a supplement to other activities, such as face-to-face interviews, also were included. Similarly, studies that used an Internet-based intervention to target multiple health behaviors, of which binge drinking was one, were included.
Overall, 193 articles were identified from the search. The authors sorted out irrelevant (125) and duplicate articles (43) based on a review of each article title. Of the remaining 25 articles, each abstract was read, which led to excluding 5 articles based on inclusion and exclusion criteria. The full-text article was next retrieved for the remaining 20 articles for final consideration, and based upon this review, 14 articles were included in this review. A process flow chart of article selection is presented in (Fig. 1) .
Only measures that were comparable to remaining other studies were extracted to ensure comparability across studies. Author and country, study design and sample size, average age of participants, year in school, underpinning theory, intervention description and duration, and salient findings can be found on Table 1 . Other variables such as outcome measures (antecedents of problematic drinking behavior and drinking behavior such as amount and frequency), sample size justification, number of measurements, and use of process evaluations can be found on Table 2 . Studies were reviewed in chronological order with earliest studies reviewed first.
RESULTS
Results across the fourteen articles are summarized on Tables 1 and 2 . The following sections summarize data presented in both tables. Out of 14 articles only 2 studies were conducted outside of the USA, with one study being conducted in New Zealand (Voogt et al., 2013) and the other in the Netherlands (Kypri et al., 2014) . Most of the studies utilized a randomized control trial (RCT) study design. Ten studies had control groups and the remaining four studies had randomized experimental groups with no control group. Sample sizes ranged from a low of 77 to a high of 7815 total participants (Doumas et al., 2009; Paschall et al., 2011) . The summary table suggests that average age of all studies range between 19 and 22 years old (Neighbors et al., 2009; Moore et al., 2005) . Similarly most of the intervention was targeted towards freshmen (Walters et al., 2007; Neighbors et al., 2009) , even though there were few studies that was targeted towards junior and senior only (Moore et al., 2005) . Out of 14 articles, only 3 articles utilized a theory-based intervention into the study design and implementation of the intervention. Theories that were identified included Social Cognitive Theory and Health Belief Model (Moore et al., 2005) , Social Norms Feedback Theory (Alfonso et al., 2013) , and Social Norming Theory (Doumas et al., 2009) . Most of the studies (n = 11) used pre-existing web-based programs such as mystudentbody .com , e-CHUG (Walters et al., 2007; Alfonso et al., 2013) , Web-BASICS (Neighbors et al., 2012; Alfonso et al., 2013; LaBrie et al., 2013) , CHOICES (Alfonso et al., 2013) , AlcoholEdu (Paschall et al., 2011) . The remaining studies (n = 3) used unique web-based interventions. Online surveys, emails, and websites were methods for intervention delivery for personalized or generic feedback, and group specific or alcohol related educational sessions that were integrated in all of the studies. In three studies, web-based interventions were compared with face-to-face interventions (Neighbors et al., 2012; Alfonso et al., 2013; LaBrie et al., 2013) . Another study compared a web-based intervention to a print-based intervention (Moore et al., 2005) . Most of the web-based interventions were limited to evaluation of program through online assessment and computer generated feedback while other interventions also included an educational component. The duration of the studies ranged from 2 days (Neighbors et al., 2012) to 2 years (Neighbors et al., 2009) . The average length of study was 12 weeks. Brief interventions with short durations were targeted towards specific events such as a students' 21st birthday. The 2-year intervention was actually a brief intervention with periodic follow-up to evaluate the efficacy of the Internet-based intervention over a longer time. All studies but one reported significant reductions in overall drinking quantity and frequency, as well as predicted changes in other outcome measures such the Rutgers Alcohol Problem Index (RAPI) score, peak Blood Alcohol Content (BAC), and perceived norms.
Outcome measures included antecedents of problematic drinking behavior (i.e. RAPI Score, perceived drinking norms) and drinking behaviors (i.e. number of typical drinks, frequency of alcohol use). The RAPI scale was used to assess problematic drinking behaviors in six studies, and in all the other studies, a modified RAPI scale was used. Other instruments used in studies included the Academic Role Expectations and Alcohol Scale score (AREAS), College Students Alcohol Problems score, and peak and average Blood Alcohol Content (BAC). Similarly, descriptive norms, perceived alcohol use, alcoholrelated consequences, perceived gender non-specific drinking norms, 30-day frequency of drinking and driving, 30-day frequency of unprotected sex, and attitude of personal alcohol use also were used as measures of antecedents of problematic drinking behavior. Alcohol Use Disorders Identification Test (AUDIT) or a modified version of AUDIT was a commonly found instrument used to measure drinking behavior. Three studies used the AUDIT instrument and three studies used the Daily Drinking Questionnaire (DDQ) as a measuring tool for drinking behavior. Other instruments used included a 7-day drinking calendar, the Brief Drinker's Profile, and the Alcohol Consumption Index. Studies also assessed frequency and quantity of drinks consumed by asking questions such as: 30 day and 14 day frequency of alcohol use, 30 day and 14 day frequency of binge drinking, number of typical drinks per occasion, weekly drinking, and 21st birthday drinking. Among the studies reviewed in this article, nine provide justification for sample size (Walters et al., 2007; Hedman and Akagi, 2008; Neighbors et al., 2009; Alfonso et al., 2013) . Eight of the studies had pre-and post-assessments (Moore et al., 2005; Hedman and Akagi, 2008; Doumas et al., 2009; Neighbors et al., 2012; Alfonso et al., 2013) , and seven studies had three or more assessment points (Walters et al., 2007; Neighbors et al., 2009; Paschall et al., 2011) . Only three studies included process evaluations.
DISCUSSION
The purpose of this review was to evaluate Internet-based interventions aimed to reduce binge drinking among college students. This study also focused on identifying gaps in the current literature and provided recommendations for future studies. Previous studies examining the effectiveness of web-based interventions have reported mixed results. Some studies reported significant reduction in alcohol consumption among experimental groups that received web-based interventions compared to control groups Hedman and Akagi, 2008; Doumas et al., 2009; Moore et al., 2005; Paschall et al., 2011; Hester et al., 2012; Alfonso et al., 2013; Bryant et al., 2013; LaBrie et al., 2013; Voogt et al., 2013) and other studies found no significant difference in the effectiveness of the intervention types (Walters et al., 2007; Neighbors et al., 2009 Neighbors et al., , 2012 Kypri et al., 2014) . This review also suggested that Internet-based interventions were economic and largely accepted by target groups of college students. In addition, Internet-based interventions also appear to facilitate other modes of intervention delivery by acting as a communication tool (email), assessment platform (online survey), or for providing education modules (web-pages). Internet-based interventions can help large populations of heavy drinkers who do not seek help because of concerns about confidentiality. This review also identified that periodic interventions were more effective compared to one-time interventions. In this regard, Internet-based interventions can be the most feasible in terms of costbenefit, since the costs of replicating interventions are low after the initial start-up.
There were various findings from this systematic review that can guide the development of future Internet-based intervention studies. First, studies in this review indicated that changing perceived norms by providing facts and figures on peers alcohol consumption rate and behavior was effective as an intervention strategy since changing perceived norms have shown to reduce risky drinking behavior (Walters et al., 2007; Hedman and Akagi, 2008; Doumas et al., 2009; Neighbors et al., 2009; Bryant et al., 2013; LaBrie et al., 2013; Kypri et al., 2014) . Future studies should incorporate techniques to change perceived norms among college population when developing Internetbased interventions for the college population. Integrating personalized normative feedback in future Internet-based interventions could increase effectiveness of those interventions. Another aspect that can impact the effectiveness of Internet-based interventions is the frequency of intervention including assessments and feedback. Past studies have reported multiple assessments including online or any other form of assessments and providing personalized feedback based on these assessment have proved to be more effective in reducing peak BAC and Alcohol Use Disorders Identification Test (AUDIT) scores (Walters et al., 2009; Hester et al., 2012) . Internet-based interventions are comparatively feasible to conduct multiple assessments and also provide personalized feedback as per each assessment. Future studies should focus in implementing Internet-based interventions at multiple points and for longer durations to enhance its effectiveness (Neighbors et al., 2009; Paschall et al., 2011) . Also, using standardized and widely used questionnaires such as the RAPI and AUDIT will be helpful to evaluate interventions and to compare results with other studies.
The major limitation found across the studies reviewed was the use of self-report measures. Self-report measures were a commonly used method of assessment of binge drinking and alcohol-related problems. In the case of measuring binge drinking by self-report, participants may have under reported the behavior due to social desirability. Underreporting of drinking behavior can occur more frequently in situations when self-report instruments are used to assess students who have been penalized for deviating from the University Alcohol Policy. Even though law enforcement uses more accurate tests such as the field sobriety test, chemical blood test, and breathalyzer tests, they may not be appropriate for evaluating the effectiveness of an intervention. An alternative for self-report assessments also can be qualitative assessment, which allows more opportunity to probe and verify the responses. Another limitation of this review is that only 14 studies were included. It is difficult to generalize findings based on these 14 studies across different settings, and a publication bias likely exists since peer-reviewed journals are generally biased to publish studies with significant findings. Similarly, language bias could be a cause for not including studies from international settings. Only two studies that were conducted outside of the USA were included in the study. The USA is ranked 48th in terms of total alcohol consumption per capita, which suggests binge drinking among college students is likely an issue in other countries, such as Russia and South Korea (WHO, 2014) . Thus, future studies should review articles in other languages as well. Comparative studies conducted to understand various alcohol-related issues in different countries can help in identifying best practices.
Although Internet-based interventions offer a lot of utility, future researchers should also consider the risks involved with using Internetbased interventions for reducing binge drinking. Some risks that are inherited with Internet-based interventions are: proliferation of false information, possibility of miscommunication due to lack of face to face communication, participants' not getting immediate support from researchers in emergency situations during the intervention, and the possibility of data breaches, leaks and hacks. Similarly, with Internet-based interventions there is participant selection bias, as participants without computers, Internet and computer literacy/skills will have difficulty in participating (NIMH, 2007) . Also, Internet-based interventions might not be appropriate for populations with Internet addictions. This is not a current problem, but this prevalence is growing at a fast pace (Ko et al., 2012) . With numbers of Internet-based interventions growing, the preventive and corrective measures are also increasing. Some preventive measures that can be applied to minimize risk of Internet-based intervention include: verifying participant's identification and responses (if applicable) to minimize false information, include face-to-face meetings during the intervention period to provide some opportunities for personal interaction, implement data security plans to reduce the possibility of data breaches, leaks, and hacks, include computer literacy related questionnaire at the beginning of the intervention, and to provide assistance if necessary to include participants without computer skills/literacy (NIMH, 2007) . Despite all of these preventive measures, Internet-based interventions might also include some inalienable risks, so future researchers should use researcher's acumen to select an appropriate mode of intervention delivery before implementing a full phase intervention.
Overall, the literature supports the use of the Internet as a brief intervention approach. Providing internet-based interventions is more effective than no intervention at all to reduce binge drinking among college students. Also, providing Internet-based intervention periodically, is more effective than one-time intervention. In this context, the Internet could be an economic and acceptable form of delivering brief interventions. Also, the Internet could be the most preferred approach to reach binge drinkers in college as the majority of college problem drinkers selected Internet-based interventions as the most appealing intervention when compared to health education seminars, reading materials, and assessment by professionals (Kypri et al., 2003) . In addition to binge drinking, the widespread and growing access to the Internet and rapid advancement in technology also presents a unique opportunity for health professionals to design Internetbased intervention for other health issues as well.
